Abstract. Metastasis accounts for the majority of cases of mortality in patients with axillary lymph node-negative (ANN) breast cancer. Angiogenesis is an essential component of the metastatic pathway. Studies regarding microRNA (miR)-10b expression in patients with ANN breast cancer and the function of angiogenesis in breast cancer remain scarce. The present study was performed in order to determine the biological significance of miR-10b, and investigate the association between miR-10b and microvessel density (MVD) measured in ANN breast cancer. miR-10b expression and immunohistochemical analysis for MVD were assessed in 195 patients with ANN of invasive ductal carcinoma, including 65 cases with distant metastasis 'poor group', and 130 cases without any recurrence 'good group'. miR-10b expression was higher in the 'poor group' (73.8%) compared with that in the 'good group' (51.5%; P=0.003). Multivariate logistic regression demonstrated that miR-10b retained independent prognostic significance for distant metastasis along with MVD and vascular invasion. Among 195 patients, miR-10b expression was significantly associated with tumor grade, tumor size and molecular subtypes (P<0.05). In addition, miR-10b expression was positively associated with the MVD count (r=0.370; P<0.001), tumor grade (r=0.168; P=0.019) and tumor size (r=0.175; P=0.014). The results of the current study suggest that miR-10b is a useful marker for predicting metastasis and angiogenesis in ANN breast cancer.
Introduction
Although the prognosis of patients with axillary lymph node-negative (ANN) breast cancer was relatively good, approximately one-third of them experienced disease recurrence after treatment (1) (2) (3) . Among recurrence, distant metastasis accounted for 90% of the mortality causes in these ANN patients. Angiogenesis was an essential component of the metastatic pathway, which was elicited and regulated by a number of factors, such as the extracellular microenvironment and endothelium-associated small non-coding RNAs, known as microRNAs.
MicroRNAs (miRNA/miR) are small non-coding RNAs (18-23 bp in size) generated by the consecutive activity of two RNAseIII enzymes, DROSHA and DICER (4) . They regulate gene activity by sequence specific binding to messenger RNA (mRNA), triggering either translational repression or RNA degradation. It has been predicted that mammalian miRs regulated about 30% of all protein-coding genes (5) . miRs have emerged as key regulators of several cellular processes, including cell differentiation, proliferation, tumor invasion, metastasis and angiogenesis (6, 7) . miR-10b was detected to be abnormal in the progression of many tumor types including nasopharyngeal carcinoma (8) , pancreatic cancer (9) , and colorectal cancer (10) . In breast cancer cells, miR-10b was considered to be closely correlated with metastatic behavior, and stimulated in vitro and in vivo tumor invasion (11) . Although breast carcinoma cell lines have been explored, tissue examination of miR-10b expression in breast carcinoma has not been reported yet especially in ANN patients by in situ hybridization (ISH). Moreover, the role of miR-10b on angiogenesis was limited in previous studies. In Plummer's study, targeting miR-10b led to significant defects in angiogenesis-mediated tumor growth in mice. Suppression of miR-10b led to significant defects in tube number, length and mobilization in human and murine endothelial cells (7) . Accordingly, we sought to determine the relationship between miR-10b and microvessel density (MVD) in human breast cancer, whether miR-10b was differentially expressed between patients with different MicroRNA-10b expression in node-negative breast cancer-correlation with metastasis and angiogenesis characteristics, and whether it could serve as a metastatic marker in ANN breast cancer.
Patients and methods
Study population. We conducted a retrospective review of all consecutive ANN breast cancer patients between January 1, 2004 and December 31, 2006 treated in the Tianjin Medical University Cancer Institute and Hospital (Tianjin, China). A total of 1,265 cases were collected with primary, operable, invasive carcinoma, without axillary lymph node and other sites involvement. Among them, a total of 893 cases were diagnosed as invasive ductal carcinoma (IDC) based on paraffin-embedded slices after operation. The pathological stage of tumor was assessed according to the criteria established by the 7th edition of the American Joint Committee on Cancer (AJCC) staging manual. Histological grades of the tumors were designated as I-III according to Elston and Ellis' criterion (12) . Peritumoural vascular invasion was assessed following the recommendation by Rosen and Obermann (13) .
The follow-up contacts were applied at 3-month intervals over the first year, 6-12 months for the following 4 years, and then annually. The medical work-up consisted of regular physical checkups, imaging tests such as chest X-ray, bone scan and/or ultrasound, to detect recurrence, second primary tumor, or metastatic disease. According to 5-10 years follow-up, we found that 65 ANN cases diagnosed as IDC developed distant metastasis, or even died of the disease, who were defined as 'poor group', with the median follow-up time of 97.8 months for patients alive. Meanwhile, 70 patients were observed with local recurrence, and the other 758 patients were on recurrence-free survival fortunately. A case-control study was designed by stratified sampling method (14,15) depending on the patients age (pre-menopause and post-menopause), and the tumor size of the 'poor group'. Each case in the poor group was matched by 2 cases from the 758 progression-free patients. A total of 130 patients were randomly selected and served as control group ('good group'), with the median follow-up time of 98.3 months. We also gathered data on family history, vascular invasion, tumor grade, treatment application, and recurrence status by chart review.
ISH assay and evaluation of the staining. ISH assay was carried out with probes for miR-10b (5'-CAC AAA TTC GGT TCT ACA GGG TA-3', probe concentration 80 nM) as well as positive control (U6, hsa/mmu/rno) and negative control (scramble-miR) purchasing from Exiqon (Vedbek, Denmark). Four micron paraffin sections fixed to glass slides were baked, dewaxed, hydrated, washed and then incubated in pepsin solution for 15 min at 37˚C, fixed in 4% paraformaldehyde for 10 min and washed in PBS buffer twice for 10 min. Prehybridization solution was dropped onto the slides and reacted (42˚C) in a hygro-cabinet to keep them moist. After 2 h, superfluous prehybridization solution was discarded and digoxigenin-labeled miR-10b probediluted with hybridization solution was denatured for 5 min at 95˚C. Hybridization was performed in a humid chamber for 16 h at 45˚C. After hybridization, the parafilms were removed by stringency washes twice with 2X SSC at 37˚C for 5 min, and then the sections were in 0.5X SSC at 37˚C for 15 min, 0.2X SSC at 37˚C for 15 min.
Then, the slides were placed in a blocking solution for 30 min at 37˚C, and incubated for 1 h at room temperature with monoclonal anti-Digoxin Biotin Conjugate (Boster Bio, Co., Ltd., Wuhan, China). After washing in PBS, they were incubated for 20 min with strept-avidin biotin complex (SABC) at 37˚C. After washing again with PBS, biotinylation peroxydase was added for 20 min at 37˚C. Afterwards, the assay was colored by diaminobenzidine, counterstained with hematoxylin, dehydrated in a gradient of alcohols, and mounted.
The positive signal of miR-10b was a brown precipitate at sites of hybridization, which was evaluated by the German semiquantitative scoring system combining intensity of cytoplasmic staining and number of positive cells (16) . For each sample, a score was given with regard to the percentage of positive cells as follows: None (0 point), 1 to 24% of the cells (1 point), 25 to 49% of the cells (2 points), 50 to 74% of the cells (3 points), and 75 to 100% of the cells (4 points). Another score was given for the intensity of staining cells as follows: None (0 point), weak staining (1 point), intermediate staining (2 points), and strong staining (3 points). A final score was then calculated by multiplying the above two scores. If the final score was 4 or more, expression was considered to be positive.
Immunohistochemical (IHC) assay and evaluation of the staining. IHC stainings were performed on formalin-fixed, paraffin-embedded samples obtained from the pathology registry. Primary antibody used in this study included estrogen-receptor (ER; SP1, 1:200 dilution; Zeta Corp., Sierra Madre, CA, USA), progesterone-receptor (PR; SP2, 1:200 dilution; Zeta Corp.), human epidermal growth factor receptor 2 (HER2; CB11, 1:100 dilution; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), Ki67 (K-2, 1:100 dilution; Invitrogen; Thermo Fisher Scientific, Inc.), and CD34 (EP88, 1:150 dilution; Abcam, Cambridge, MA, USA). The immunostaining was scored double blindly by two pathologists, who were blinded to patients' clinicopathologic characteristics and outcomes. For each antibody, the location of immunoreactivity, percentage of stained cells, and intensity were determined. ER and PR were categorized as negative (<1%) and positive (≥1%), in accordance with the guidelines (17) . For HER2, the IHC score was assigned according to the American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) guideline (18) . HER2-positive cases were defined as IHC score of 3+ or IHC score of 2+ plus fluorescent ISH with amplification ratio ≥2.0. Ki67 status was expressed in terms of percentage of positive cells, with a threshold of 14% of positive cells (19) . The criteria for subtype classification were as follows (20): 'luminal A-like' (ER positive and PR ≥20% and HER2 negative and Ki-67 <14%), 'luminal B-like (HER2 negative)' (ER positive and HER2 negative and at least one of: Ki-67 ≥14% or PR <20%), 'luminal B-like (HER2 positive)' (ER and HER2 positive, with any Ki67 and PR), 'HER2 positive' (ER and PR negative and HER2 positive), 'triple negative' (ER and PR negative and HER2 negative).
MVD was determined by the number of microvessels positive for CD34, whose label could be observed in the cytoplasm of endothelial cells. MVD scoring was based on a modification of the method described by Weidner et al (21) in which large microvessels and any single brown-staining endothelial cell clearly separated from adjacent microvessels, tumor cells, and other connective tissue elements were considered a single and countable microvessel. The entire tumor section was scanned at low magnification (x40) to identify the area of highest vessel density (hot spot). The five most prominent vascular areas within the tumor mass were chosen. Microvessels in each hot spot were counted in a single x200 field and the average counts of the 5 fields were recorded and defined. Vessel lumen was not required for identification of a microvessel. Single cell or cell clusters were counted. Branching structures were counted as single vessel. Large vessels with thick muscular walls or with lumina greater than 50 µm were excluded from the count. Discrepant cases were reviewed by the pathologists group, and the consensus results were used for the analysis. 
Results
Patient cohort. For 65 cases with 'poor group', all of them developed distant metastases (including bone, lung, liver, brain, bone marrow, or other organs). These recurrent sites were detected and proven through roentgenography, sonography, computed tomography, radioisotope scanning, magnetic resonance imaging, or puncture biopsy. A total of 45 cases among them developed cancer-specific death. Clinicopathologic features were presented in Table I . Among all patients, significant differences were found in peritumoural vascular invasion, grade and molecular subtype between 'poor' and 'good' groups (P<0.05). Invasion of peritumoural vascular vessels and poor differentiation were strictly correlated with recurrence (P=0.017 and P=0.031, respectively Fig. 1 . Microvessels were located predominantly in the stroma surrounding the tumor nests. Among all cases, greater percentage of cases displayed cytoplasm staining for miR-10b in 'poor group' (73.8%) than in 'good group' (51.5%, P=0.003), and MVD count was higher in 'poor' cases than in 'good' cases (P<0.001; Table II) .
Univariate analysis showed that clinicopathologic indicators such as tumor grade, peritumoural vascular invasion and molecular subtype were correlated with distant metastasis (P<0.05). To further assess the independence of the prognostic value of miR-10b expression, these indicators were analyzed with a multivariate logistic regression model. As shown in Table III miR-10b expression was positively associated with the MVD count (r=0.370, P<0.001), tumor grade (r=0.168, P=0.019) and tumor size (r=0.175, P=0.014), and negatively associated with age (r=-0.146, P=0.042). No significant associations were identified between the expression of miR-10b and vascular invasion (r=0.076, P=0.292), or intrinsic subtypes (r=0.011, P=0.875; Table IV ).
In addition, ROC analysis was performed. As illustrated in Fig. 2 , the area under the curve (AUC) is 0.760, 95% CI, 0.686-0.834, P<0.0001. And the sensitivity and specificity of MVD for recurrence of breast cancer is 0.508 and 0.900, respectively.
In the 97.8-month interval, patterns of distant metastasis divided by expression status of miR-10b for cases in the 'poor group' were demonstrated in Fig. 3 . Bone was the predominant site of metastasis for the two groups (64.7% in miR-10b-negative tumors and 43.8% in miR-10b-positive tumors, respectively). Meanwhile, occurrence rate of distant metastasis was 29.4% (5/17) in lung, 17.6% (3/17) in liver, 23.5% (4/17) in distant lymph node, 5.9% (1/17) in brain, and 17.6% (3/17) in other sites for those miR-10b-negative tumors. Among the patients with miR-10b-positive tumors, the rates of metastasis in lung (41.6%), liver (31.2%), distant lymph node (33.3%), brain (15.8%), and other sites (20.8%) were higher to some extent. It seemed that visceral metastasis was more frequently found in the miR-10b positive group. Discussion miR-10b is known to function as an oncogene in various kinds of cancers. It has been reported that miR-10b is highly expressed in metastatic cancer cells propagated as cell lines as well as in metastatic breast cancer patients (11) . One of the Statistical tests for categorical variables were performed using the χ 2 test; mean age was tested using the Mann-Whitney test. ANN, axillary lymph node-negative; HER2, human epidermal growth factor receptor 2; ER, estrogen-receptor.
representative targets of miR-10b was HOXD10, whose inhibition led to activation of the pro-metastatic gene RHOC (22) . Recently, in addition to its metastasis-promoting role, the angiogenesis effect of miR-10b has been reported. Shen et al demonstrated a role of miR-10b in regulating angiogenesis specifically in response to thrombin through down regulation of HOXD10 (23) .
We undertook the study to explore the role of miR-10b in tumor prognosis, its significance in different subtypes, and the relationship between miR-10b and MVD in ANN breast cancer. Our data clearly showed that miR-10b expression was a common feature of invasive breast carcinoma in a Chinese population. Among 195 interpretable cases with IDC, 59.0% were positive for miR-10b expression. Besides, miR-10b was found in 51.5% patients with recurrence-free and 73.8% with metastasis breast cancer cases (P=0.003; Table II ). The presented data showed that patients whose tumors did not express miR-10b had more favorable prognosis than those with positive expression. Accordingly, the miR-10b may play a critical role in breast cancer metastasis.
This study further indicated that positive miR-10b expression contributed to poorer differentiation and larger tumor size. miR-10b expression was gradually upregulated from grade 1 (53.8%) and grade 2 (53.9%), to grade 3 (78.0%), and from T1c (51.0%) to T2 (63.5%) and T3 (69.2%). In addition, miR-10b expression was decreased in 'luminal A-like' subtype, which was confirmed to represent excellent prognosis (24) . A logistic multiple regression analysis was also carried out and indicated miR-10b could predict prognosis independently. These potentially suggested the promotion effect of miR-10b on breast tumor growth and metastasis. It has been reported that miR-10b expression was correlated with high-grade malignancy in various cancer types (25). Zhao et al (26) measured Table III . Logistic multiple regression analysis comparing patients with poor and good prognosis. serum miR-10b in 122 breast cancer patients with or without bone metastases. The results showed that serum miR-10b concentrations were significantly higher in patients with bone metastases than those without metastasis. This finding was more or less consistent with our research. Furthermore, in a study by Ma et al (11) , to determine whether miR-10b expression correlated with clinical outcome in patients, they measured its levels in primary tumor samples from 23 breast cancer patients by RT-PCR. When compared with normal breast tissue, miR-10b expression level was lower in all of the breast carcinomas from metastasis-free patients (5/5). In contrast, 50% of the metastasis-positive patients (9/18) had elevated miR-10b levels in their primary tumors (P=0.03), which were also in consonance with our study. In research of breast cancer cells, the mechanism of metastasis seemed to be associated with expression levels of the epithelial-mesenchymal transition (EMT)-inducing and metastasis-promoting transcription factor Twist. In mammary epithelial cells and breast carcinoma cells, miR-10b could directly suppress the translation of HOXD10, an mRNA encoding a transcriptional repressor that inhibited expression of several genes such as RHOC, urokinase plasminogen activator receptor, α3-integrin, and MT1-MMP, which were involved in cell migration and extracellular matrix remodeling (11) .
Besides the expression of miR-10b, we also measured MVD count labeled by CD34 of all patients. MVD represented the degree of tumor neovascularization, and it had been found to be an important indicator of malignant behavior in breast cancer (27) . Among all the patients, the mean value of MVD was 38.48±14.40, which was different with statistical significance between patients in 'good group' (30.81±10.68) and patients in 'poor group' (47.82±16.30, P<0.001). Furthermore, results indicated that the patients with good differentiation, absence of vascular invasion or 'luminal A-like' subtype were correlated with low MVD count, consistent with the recent studies (28, 29) . The logistic multiple regression analysis also detected MVD as an independent prognostic marker for metastasis.
Moreover, the presented data showed a significantly positive correlation between miR-10b and MVD count (r=0.370, P<0.001), indicating that miR-10b expression may be a potential marker in predicting angiogenesis. In the study by Plummer et al (30) , genome-wide deep sequencing of small RNAs revealed miR-10b was significantly upregulated in tumor vasculature. Moreover, suppression of miR-10b led to significant defects in tube number and length, as well as mobilization in human and murine endothelial cells, which was in agreement with an observation showing that miR-10b regulated HOXD10 in microvessels (23) . In a study by Myers et al, HOXD10 was demonstrated to maintain a nonangiogenic state in the endothelium. Sustained expression of HOXD10 impaired endothelial cell migration and blocked angiogenesis induced by basic fibroblast growth factor and vascular endothelial growth factor in the chick chorioallantoic membrane in vivo. HOXD10-overexpressing human endothelial cells also failed to form new vessels when implanted into immunocompromised mice (31) . These findings strongly argued for miR-10b's role of promoting angiogenesis. In the future we plan to look into the role of angiogenesis of miR-10b in breast cancer cells and animals, and to explore the possibility of miR-10b as a new target of anti-angiogenesis therapeutic intervention for breast cancer.
In this study, histological grade and subtype were associated with metastasis in univariate analysis. The association, however, was no longer statistically significant after adjusting for other variables. It is probably due to a small sample size and some factors covering and concealing the function of others as a result of a complex relationship.
In conclusion, the study suggested that miR-10b expression was associated with breast cancer aggressive behavior, distant metastasis, angiogenesis and poor prognosis. Further exploration of the clinical significance of miR-10b expression in breast cancer requires larger sample size and prospective studies to confirm the findings of this study. The development of new strategies which can suppress miR-10b will probably lead to clinical benefits not only through anti-metastasis but also through anti-angiogenesis.
